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1 . 

Me t h od for DRAM Sensing Current Control 


Peak sensing current in high speed ORAM must be controlled 
to prevent excessive resistive and inductive voltage drops 
in power supply connections. Two methods which can be 
used alone or in combination are described. The first 
isolates the bitline capacitance from the sense-arnp. to 
allow faster sensing. The second provides local sense 
clock drivers tailored for peak current control, 

A typical CMOS DRAM sense amplifier is shown in fig.5.1. 
Speed is limited by two factors in this topology. The 
sense amplifier is connected directly to the bitlines, 
which typically have a capacitance around O.SpF. Most 
of the current during sensing is consumed in charging 
these capacitors. Before data can be read onto the data 
bus a BL-BL* differential exceeding a certain noise 
margin must be attained, hence the bit line capacitance 
limits memory access time. 

Another problem in large memory arrays is the voltage 
drop in sense and restore clock lines. One approach in 
controlling sensing current is to use slow sense and 
restore clock drivers to turn on sense amplifiers 
gradually. This is difficult to achieve uniformly for 
all sense amplifiers in a large array. Resistive drops 
in the connection from driver to the far end of the array 
mean that the near devices experience hard sensing while 
the far ones are very slow. Memory access must wait for 
the slowest column. 

Bit line isolation devices isolate the sense node from 
the bitlines during the initial sensing period to allow 
a large voltage differential to develop quickly on the 
sense nodes and enable fast y-access turn-on. Earlier 
implementations of bitline isolation featured gate control 
which completely turned off the devices between the time 
time the memory cell capacitor dumped charge onto the bit 
line and sensing started. Not only is it dangerous to 
use only a fraction of total charge differential for 
sensing, but speed is sacrificed to add an additional 
step in a memory access sequence. 

FIG.5JL, 

The new technique! uses an n-channel isolation device 
with gate held normally at a boosted Vpp supply falling 
to Vdd during the first part of sensing, and/or a p-channel 
device normally biased at the negative Vbb supply brought 
up to Vss during sensing. With typical DRAM processing 
both devices have thresholds of about 2v due to body 


2. 


effect. Even in the high resistance state they allow 
memory cell capacitor charge to flow onto the sense node. 
Timing of the low impedance to high impedance transition 
is therefore not critical. During sensing they limit bitline 
voltage to Vdd-Vtn or Vss+Vtp and allow the sense node 
voltage differential to develop faster. The use of Vbb and 
Vpp supplies which already exist for other purposes on a 
high speed DRAM means that this technique does not require, 
a substantial increase in complexity. In fact the additional 
capacitive load of isolation devices in inactive a r rays 
creates a useful Vpp researoir capacitor. 

A second method of controlling sensing current is to 
use local phirS pulldowns and/or local phi-R pullupi. 
The pulldowns may be shared among several columns. Ttte 
sense docks which are routed the length of the Arr^y 
have less skew from near to far end because the load 
is greatly reduced. The slope of these clocks can be 
uniformly controlled to regulate sensing current. 

The two methods of sensing current control can be utilized 
alone or in combination. For example, n-channel isolation 
devices could be used in conjunction with local pni-S 
pulldowns to control peak Vdd current and Vss current 
respectively. 

Advantages 

1. Speed - faster sensing because sense node voltage 
differential develops faster for the same sense 
current power budget, 

2. No additional timing constraints. 

3. Large Vdd and Vss power tracks are routed through 
the array instead of large sense clock tracks. The 
wide power bussing can be used elsewhere. 

4. Reliability - leaky columns which have been 
de-programmed will not drag down the sense clocks 
if local sense clock drivers are shared only 
among columns with the same redundancy address. 

5. Shared Circuitry - Vbb and Vpp supplies needed 
for isolation devices already exist on chip. 

6. Isolation devicec are used in combination with 

PP 

for W/L use Vss power bussing is achieved in combination 
with end-to-end architectures. The use^W/L Vss clamps 
at both ends, so that quiet W/L 1 s serve as Vss bus/ground, 
plane could be linked. 
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